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Abstract: The article studies an average-size parabolic dune located in the northern part of the Cho-
del Basin, Lublin Upland, Poland within the extensive dune field which covers the contact area of the
loess patch slope and the high sandy terrace. Its complex structure and the presence of terrace sand
and loess in the floor inspired the authors to conduct detailed lithological studies, as well as TL and
4c dating. As a result, it was possible to determine the mechanism and age of aeolian accumulation
cycles in the dune, which contains very good representative evidence of aeolian events in the Lublin

Upland.
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1. INTRODUCTION

Research on inland dunes places most emphasis on
specifying the number, age and duration of aeolian phases
in deposition processes. It depends on: a) form structure,
in particular the presence of fossil soil or deflation sur-
faces that separate aeolian series of various ages; b) geo-
logical conditions of the dune location, with the most
advantageous situation being when aeolian sand interfin-
ger with biogenic deposits; and c) access to the form
structure, which is mainly connected with large mining
outcrops and an adequately low level of groundwater.
Studies are conducted on the basis of: a) morphological-
lithographical description of dune forms (Wojtanowicz,
1969; Mycielska Dowgiatto, 1982); b) radiocarbon dating
and palynological analysis of fossil soils in dunes and/or
organogenic horizons in dune substratum or in deflation
basins (Kozarski, 1962; Tobolski, 1988; Rotnicki, 1970;
Nowaczyk, 1976, 1986; Krajewski, 1977; Manikowska,
1970, 1985, 1991, 1995; Krajewski and Balwierz, 1985;
Szczypek, 1986; Kozarski and Nowaczyk, 1991, 1992);
and c¢) TL dating (Buraczynski, 1994; Jaskowski, 1996;
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Wojtanowicz, 1999; Zielinski et al., 2008) and OSL dat-
ing (Muray and Clemensen, 2001) of aeolian deposits and
their mineral substratum. The largest numbers of studies
concern the Central European Lowland dunes. There are
only few studies related to the Lublin Upland
(Manikowska, 1970; Zielinski, 1999).

The results of Zielinski’s lithological studies (2004,
2006) inspired the authors to scrutinize the possibility of
applying TL dating to specify the chronology of events
and the duration of aeolian deposition. For this purpose
the authors selected a middle-size parabolic dune, which
is the most common aeolian sand form in the Lublin
Upland (Fig. 1). This form was chosen due to: 1) its loca-
tion on loess deposits of aeolian origin — which is gener-
ally regarded as the best TL dating material (Bluszcz,
2000; Fedorowicz, 2006); it will facilitate specifying the
lower date of dune accumulation as precisely as possible,
and comparing the deposition rate of loess and dune
sands; 2) complex structure and good access to the form
structure, which allow for the specification of aeolian
event chronology with high probability; and 3) existence
of fossil soil layers, which permits juxtaposing the ob-
tained TL dates with radiocarbon dates.

The field studies consisted of: a) recording the texture
and structure of deposits contained in the form and its
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Fig. 1. Location of the form in the geomorphological sketch of
Karczmiska dune field (A); configuration of dune surface and localiza-
tion of profile lines (B).

direct substratum; b) measuring structural directional ele-
ments; and c) collecting samples for radiocarbon and
TL dating. The lithofacial features of deposits determined
in the field studies were used to identify the primary depo-
sition environment according to Hunter’s (1977) and
Borowka’s (2001) classifications. As a result, the sequence
of acolian events was reconstructed while dating contrib-
uted to their allocation to relevant periods of time.

2. TL DATING METHOD

The TL dating method used in the TL laboratory of
the Gdansk University was described by Fedorowicz
(2006). At first sample moisture is measured. The dose
rate (Dr) is determined for a dried sample with use of the
“MAZAR-95” gamma spectrometer. The concentrations
of *Ra, *’Th, “K in dry mass are measured in the
Marinelli type containers 0.5 dm’ in volume. One sample
is measured 20 times, each measurement lasts 2000 s.
The concentrations of radionuclides are converted into
dose rates for alpha, beta and gamma radiation. The dose
rate is calculated with the corrections for deposit mois-
ture, dose of cosmic radiation, grain size, and time of
etching with HF (Aitken and Xie, 1983; Adamiec and
Aitken, 1998). Uncertainty of dose rate determination is
about 3% (Porgba and Fedorowicz, 2005). Three or four
predominant grain fractions are separated from each
sample of aeolian sands and processed in order to remove
carbonates and organic material. At first grains are treated
with 10% HCI for about twenty-four hours, and then with
2% NaOH for the same time. After washing, grains are
etched with 40% HF by 45 minutes in order to remove
the outer layer of quartz and dissolve grains of other
minerals (Bluszcz, 2000). Washed material is divided into
several portions that are used to determine the equivalent
dose (ED) by the TL multiple-aliquot regeneration tech-
nique. The TL glow curves are recorded with use of the
RA’94TL reader-analyser (produced by Mikrolab
Krakow) with the EMI 9789 QA photomultiplier. Ali-
quots are glowed out in argon atmosphere at a heating
rate of 8°C/s up to 400°C. The optical filter BG-28 (380-
500 mm) is used. Bleaching experiments show that resid-
ual TL intensity of 375°C peak, of the quartz, is obtained
after 8 h of sunlight exposition. Plateau test is carried out
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for each sample (it occurs between 320°C and 380°C).
Grain sensitivity is tested by additional measurements
according to technique used in additive method. The
component from a radiation is not included in the Dr
calculation on account of large grain size (80-315 pm),
and the same Dr value is taken for all examined grain
fractions (Table 2). In order to determine the equivalent
dose, the samples are irradiated with 5 additional gamma
doses from 10 to 100 Gy (10, 20, 30, 50, 100 Gy). Dose
response is calculated with the FIT-SIM programme of
Griin (1994) which is based on the simplex fitting proce-
dures and analytical error calculation by Brumby (1992).

3. FORM DESCRIPTION

The form is located north west from Karczmiska (Fig.
1), within the extensive dune field in the northern part of
the Chodel Basin (Lublin Upland), which covers the
contact area of the high sandy Vistulian terrace and the
slope of loess patch with the SW exposure.

Morphological and geological situation

The dune is a middle-size form with the W-E orienta-
tion (Fig. 1B). It is 6 metres high in the front part and its
ridge is ca. 600 m long. In the closest vicinity there are
sandy deposits which become silty eastwards. These
deposits are also the direct substratum of the dune.

Form structure

The form structure was documented in the excavation
site which cuts its southern arm, proximal part of the
dune front and its substratum. The loess found in the
dune substratum is strongly ferruginous and gleyed, and
a distinct gley horizon occurs in the loess top. The dune
consists of four series separated from each other with
fossil soil layers, erosion surface or discordance zone
(Fig. 2).

The first dune series (Figs. 2, 3D, G), in its western
part, is composed of fine and medium-grained sand with
climbing ripple lamination or translatent stratification,
and coarse sand and very fine gravel with massive struc-
ture or, occasionally, inclined cross-lamination. The mid-
dle and eastern parts of the series consist of sand with
high-angle inclined stratification. Sandy packages of
large longitudinal extent and small transverse extent are
accompanied by similarly distributed packages of finer
material, but of much greater transverse extent, with
massive structure or faint lamination, predominant mainly
in the bottom part of the series. The structural directional
elements show ESE preferences.

The second series covers the first one in its western
part (Figs. 2, 3B, C). It consists of fine and medium-
grained sand with high-angle inclined stratification.
Sandy packages of small transverse extent alternate with
packages of finer material of large transverse extent,
which are replaced by fine sand and silt with faint lami-
nation in the bottom part of the series. The layers dip in
the eastern direction.

The third series occurs on the first one in its eastern
and middle part (Figs. 2, 3B, E, F). It is separated from
the first series by the erosion surface and from the second
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series by fossil soil. The series is formed by varigrained
sand that generally has massive structure within the
proximal slope; climbing ripple lamination or translatent
stratificationis noticeable only in the bottom part. The
dune ridge zone is composed of (Figs. 2, 3F) sand with
translatent stratification or tabular cross-stratification of
small and medium scale. Single troughs of concordant fill
occur accessorily (Fig. 3E). The structural directional
elements are arranged from N to SE.

The fourth series (Fig. 2), which lies at the level of
soil formed in the top of the third series, covers partially
the proximal and distal slope of the dune. It is composed
of medium-grained sand with climbing ripple lamination
and translatent stratification.

Interpretation

The structure of the first series in its western part, i.e.
sand with climbing ripple lamination and translatent
stratification, indicates that its depositions resulted from
the migration of ripples; therefore, the deposition surface
was exposed to wind (Bagnold, 1954; Sharp, 1963;
Hunter, 1977). Similar conclusions may be drawn from
the documented coarse sand and very fine gravel with
massive structure and cross-stratification, which evidence
the existence of gravel ripples. In addition to the increase
in the wind velocity, they may indicate the change of
alimentation area (Sharp, 1963; Fryberger et al., 1992).
The surface exposed to wind suggests that it was formed
on the windward slope of the dune. The structure of the
series in its eastern part, i.e. sand with high-angle inclined
stratification, indicates that this part was formed on the
leeward slope of the dune. Sandy packages are typical of
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sandflow down the slope with inclination close to the
angle of repose (Bagnold, 1954; Mc Kee, 1966; Mc Kee
et al., 1971; Hunter, 1977, Boréwka, 1980; Lea, 1990).
Fine-grained interbeddings may be connected with the
deposition of suspended material due to the reduced car-
rying capacity of wind stream on the leeward slope of the
dune (Mc Kee, 1966, Sharp, 1966; Hunter, 1977, Clem-
mensen and Abrahamsen, 1983; Lea, 1990). The struc-
tural documentation of the windward and leeward slopes
in the first series points to a stationary dune (Rotnicki,
1970; Nowaczyk, 1976, Zielinski, 2004; Zielinski and
Issmer, 2008) while the definite predominance, in the
series structure, of lithofacies typical of a distal slope
means that the dune made a small movement on a dis-
tance not smaller than its base (Nowaczyk, 1976;
Zielinski, 2004; Zielinski and Issmer, 2008).

Lithofacial features of the second series, i.e. sand of
high-angle inclined stratification and fine sand and silt
interbeddings, typical of leeward slopes, help to link its
origin with the migrating form. Sand and silt of faint
lamination, which were documented in the bottom part of
the series and suggest deposition caused by ripple migra-
tion, result from the separation of airflow and formation
of back eddies (Hunter, 1977; Clemmensen and Abra-
hamsen, 1983). The deposition effect of this series was
a migrating dune which moved eastwards and stopped on
the proximal slope of the dune represented by the first
series.

The third series was accumulated in changeable con-
ditions. A high share of sand with translatent stratifica-
tion and climbing ripple lamination suggests the wind-
ward deposition environment; therefore, the surface was
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Fig. 3. Form structure: A — photograph localization in the section of the form; B — contact of the first, second and third dune series; C - details of the
bottom part of the second series; D — structure of the first series; E, F — details of the third series structure in the dune ridge area; G — loess top,
structure of the first series in its eastern part. Letter marks on photographs after Zielinski and Issmer (2008): RC - climbing ripples, MR — megarip-
ples, RG — granule ripples, DT - deflation troughs, SF — sandflow, GF — grain fall.

exposed to wind and the formation of massive-structure
sand may be explained twofold. Its formation (the so-
called structureless layer) is most frequently contributed
to soil processes (Wojtanowicz, 1970) or structure oblit-
eration in periglacial conditions (Stankowski, 1963; Ur-
baniak, 1969) and if this is the case, it is difficult to spec-
ify the original deposition environment. However, it is
difficult to arrive at a definite conclusion due to the small
thickness of the third series and its coverage in this place
by the well-developed fossil soil, which in turn supports
the first interpretation. The tabular cross-stratified sand
documented in the ridge area of the third series suggests
the migration of mesoforms, i.e. megaripples (Pye and
Tsoar, 1990; Borowka, 1990 2001; Gozdzik, 1998).

Their presence and single deflation troughs evidence the
increased wind velocity, which contributed to the higher
deposition rate at the initial phase, developing into the
reduction (deflation) of the deposited material at a later
stage (Mc Kee, 1966; Zielinski and Issmer, 2008). The
documented wind direction points to high variation from
South to Northern West; a minor stabilization may be
observed for strong wind causing deflation, i.e. from the
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NW-WNW sector. As a result of the deposition in the
series, two smaller forms combined into a single large
parabolic dune, the size of which was slightly larger than
the present size. The fourth series results from deflation
and deposition processes within the form.

4. DETERMINATION OF DEPOSITION AGE

Three radiocarbon dates of fossil soils and 38 TL
dates (Fig. 4) in 9 samples from dune sand (Table 2) and
in 5 loess samples (Table 1) were obtained.

Radiocarbon dates clearly separate three phases of
dune sand accumulation (Fig. 4). The date of
10.60+0.13 ka BP (Ki-8655) for the soil covering the
second dune series points to its Allerdd age. It means that
the second series was accumulated in the Older Dryas
while the first in the Older and/or Oldest Dryas. The fact
that the western part of the third series overlies the Al-
lerdd soil and the existence of the soil dated at
5.45+0.10 ka BP (Ki-8654) in the top part of the series
indicate that this series was accumulated in the Younger
Dryas.
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Fig. 4. Radiocarbon and TL dates against the transverse and longitudinal section of the form Localization of sections in Fig. 2B.

The time when the accumulation of this series was
completed may be approximated by the date obtained
from the interdune depression on the windward side of
the analysed form — 9.16+0.12 ka BP (Ki-8651). The
fourth series was accumulated in the Atlantic period,
which is evidenced by the soil age (5.45+0.10 ka BP) in
bottom part of the series (Rotnicki, 1970; Nowaczyk,
1976, 1986; Krajewski, 1977; Manikowska, 1985, 1991,
1995; Szczypek, 1986; Kozarski and Nowaczyk, 1991,
1992; Jaskowski, 1996; Litt et al., 1998).

For the purposes of TL dating the profile in the ridge
zone of the form (Fig. 4) was selected; it comprises both
aeolian sand and loess. Dating of aeolian sand samples
was treated methodologically (Table 2) and each of nine
samples was dated in three or four fractions.

These were three fractions predominant in the sam-
ples, i.e. 0.16-0.20 mm, 0.20-0.25 mm, 0.25-0.315 mm.
The range of 0.08-0.10 mm was used only in 6 samples;
this fraction is dated in the standard way in the TL labora-
tory in Gdansk (Fedorowicz, 2006).

The TL results of loess dating, i.e. from 21.4£2.5 to
15.8+1.7 ka BP, point to its accumulation in the Plenivis-
tulian. A large temporal span of dates in the 0.5-meter
segment suggests a small deposition rate, deposition
intervals or periodical degradation (Maruszczak, 2001;
Fedorowicz and Lanczont, 2007; Jary, 2007). Having
regard to the profile localization in the higher loess ter-
race, it is degradation that seems to be the most probable
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cause (Fig. 1). At that time this area could have been
frequently flooded during the Brodek Stream bank-full
stages, which is additionally confirmed by loess gleying.
Loess deposition most probably ended in the develop-
ment of initial gley soil during a warmer climate oscilla-
tion, i.e. the epe interphase. It is implicated by the
15.8+1.7 ka BP date obtained from the gley horizon in
the top of loess. This horizon also indicates the lower
temporal limit of acolian sand accumulation.

The obtained TL dates of aeolian sand range from
6.6+0.7 to 9.6+1.3 ka BP and are arranged chronologi-
cally; generally, within each sample, the finer the fraction
the younger the date. The sample of Karczmiska III/9 is
an exception: its dates are notably older, ranging from
10.2+1.5 to 12.4+1.8 ka BP (Fig. 4, Table 2); however,
the tendency concerning the fraction size is also ob-
served. These results clearly indicate that in the dated
profile sand deposition took place in the Younger Dryas.
It shows conclusively that the first series has a limited
extent which is much smaller than that determined by
Zielinski (2006). Therefore, it may be supposed that ae-
olian sandy accumulation did not occur on the loess sub-
stratum of the dune in this place or previously deposited
sediments were removed. The chronological order of
dates in the profile points to the high applicability of the
TL method to aeolian sand dating and confirms the high
probability of correct luminescence dating (Bluszcz,
2000).
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Table 1. Results of loess TL dating.

Sample Depth (m) Lab. No Dr (Gy/ka) ED (Gy) TL age (ka BP)
Karczmiska I11/1 4.0 UG-5965 2.65%0.10 56.7+5.6 214425
Karczmiska I11/2 39 UG-5966 2.71£0.11 53.645.3 19.8+2.1
Karczmiska I11/3 38 UG-5967 2.830.12 52.945.2 18.7£2.0
Karczmiska I11/4 37 UG-5968 2.97+0.12 52.3£5.2 17.6+1.9
Karczmiska I11/5 3.6 UG-5969 2.84+0.11 44.9+4.6 15.8+1.7

The analysis of TL dates in subsequent fractions of
the samples leads to interesting observations. The in-
crease of age in proportion to the fraction size may impli-
cate that increasingly coarser grains had worse conditions
to get rid of their accumulated pregenetic energy. It could
have been caused by shorter transport in comparison to
finer grains and the resulting shorter exposure to solar
energy. These facts may lead to the conclusion that the
finest fraction is most suitable for luminescence dating.
However, this conclusion may prove very fallacious be-
cause 0.08-0.10 mm fraction has a minor share in the
sample, reaching even below 0.5%.

The significantly different date in sample K III/9 is
worth considering. The date inversion may be caused by
insufficient zeroing of pregenetic energy in the sample
grains. It may be contributed to their brief contact with
solar radiation which was most likely caused by very

Table 2. Results of loess TL dating.

short transport from the source area to the deposition site.
This thesis may be confirmed by the fact that all the four
fractions of the sample have older dates than those identi-
fied in analogous neighbouring samples as well as dates
older by ca. 20% from two coarser fractions compared to
finer ones in this sample. Weak “zeroing” of the sample,
which indicates short transport, suggests that sand from
older dune series could have been deposited in this pro-
file. The lithofacial analysis (Fig. 2D) shows that the
bottom part of this profile was deposited on the slanting
surface that was periodically exposed to wind. The most
probable explanation seems to be profile localization in
the leeward close area of the dune represented by the first
series. The lack of fossil soils in this part of the dune may
point to intensive deflation caused most probably by
south-western and southern wind. In consequence these
processes could have led to the undercutting of the

Sample Depth (m) Lab. No Dr (Gylka) F’(“‘;::;“ (23) (Tk'; “‘BQF:’)
Karczmiska I 114 07 UG-6105 2742014 0.08:0.10 18.1020.18 6.6020.70
0.16-0.20 18.900.20 6.90£0.90
0.20-0.25 19.50+0.19 7.10£0.90
0.25-0.31 20.00+0.19 73410
Karczmiska Il 113 10 UG-6104 2932012 0.08-0.10 23402024 80£1.0
0.16-0.20 24.00+0.24 82410
0.20-0.25 24.60+0.28 8.4+1.4
0.25-0.31 24.00+0.24 8.241.2
Karczmiska Il 112 17 UG-6103 2912011 0.08-0.10 23302022 8.00£0.90
0.16-0.20 23.90+0.23 82410
0.20-0.25 24.40+0.25 8.4+16
0.25-0.31 23.90+0.23 8.241.1
Karczmiska Il /11 20 UG5972 2862010 0.16:0.20 226£2.1 79411
0.20-0.25 244425 8.5+1.4
0.25-0.31 24,6425 8.6+1.4
Karczmiska 11710 24 UG6102 2892012 0.08-0.10 24.00£0.24 8.3020.90
0.16-0.20 24.80:£0.25 8.6+1.0
0.20-0.25 24.60:£0.25 8.5+1.1
0.25-0.31 24.90+0.25 8.6+1.2
Karczmiska 11l 19 27 UG6101 2842014 0.08-0.10 28.90£0.30 10215
0.16-0.20 29.50:£0.30 10415
0.20-0.25 35.20+0.36 124418
0.25-0.31 35.00+0.35 12.3+16
Karczmiska I1/8 31 UGH971 2942012 0.16-020 244%25 83%1.0
0.20-0.25 26.3+2.8 8.9+1.4
0.25-0.31 26.2+3.0 8.9+1.4
Karczmiska Il /7 33 UG5970 3042012 0.16:020 267425 8.8+1.1
0.20-0.25 28.4+2.9 9.3+1.4
0.25-0.31 29.343.0 9.6+1.3
Karczmiska 11l /6 36 UG6100  2.88%0.13 0.08:0.10 2620027 9.1%1.1
0.16-0.20 27.30+0.28 95411
0.20-0.25 27.70+0.28 96412
0.25-0.31 27.70+0.28 9.6:+1.1
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neighbouring dune slope and the slide of material which
was subjected to transport in a very short time. In all
likelihood the dates obtained in the study are the average
value of source deposit and deposition age. Having regard
to the fact that the neighbouring dates range from 8.3+0.6
to 8.9+1.4 ka BP, the source material could have been
only slightly older than 12,000 years. In this context and
considering the suggestion that coarser fractions are
“bleached” to a smaller extent, it is significantly likely
that the age of the first series is the Older Dryas. How-
ever, assuming that coarser fractions were zeroed to
a larger extent, it may not be excluded that the deposition
phase of the first series took place in the Oldest Dryas.

The problem of the first and the second series age de-
termination will be solved more precisely after sampling
and dating of profile in western part of dune which refer-
ence to "*C dates. It will be possible, when exploitation of
sand will restart in this part of exposure.

5. FINAL REMARKS
The following conclusions may be drawn from the

presented material:
1) Loess, which constitutes the form substratum, was

2)

deposited in the Upper Plenivistulian. In the accumu-
lation period there were intervals and/or degradation
of deposited material, caused most likely by erosion
during flooding stages of the Brodek Stream. Be-
tween dust and sand deposition there was a clear in-
terval represented by the initial gley soil from the
epe interphase.

Dune sand was accumulated in three stages/phases
(Fig. 5):

a) in the first phase from the Oldest and/or Older
Dryas, a stationary dune was formed by the
wind from dominant northern-west direction
(Fig. 5A), on the contact area of sandy and silty
terrace; next the dune made a slight movement
on the distance not smaller than the length of its
base, in the ESE direction (Fig. 5B);

in the second phase from the Older Dryas,
a migrating form entered from the west on the
windward slope of the existing dune (Fig. 5C);
in this phase the processes were slowed down
by the development of vegetation during the Al-
lerod warming and by the formation of soil
cover; it led to the development of a complex
parabolic dune whose meridional extent was

b)
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Fig. 5. Model of aeolian events.
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larger than the present form;

in the third phase from the Younger Dryas, the
existing form was transformed by processes due
to changeable wind, however mainly from the
southern-western sector (Fig. SD); the southern
arm was shortened and material was deposited
in the ridge and front area, creating the parallel
elongated form; it is very likely that this phase
ended in the Preboreal,

the last phase of acolian processes from the At-
lantic period was probably caused by the dune
deforestation by human beings and comprised
deflation and deposition processes in the form
(Fig. 5E).

The luminescence dates obtained from the samples
confirm that they are useful to reconstruct aeolian
events and together with radiocarbon dates are an ex-
cellent tool to study dunes which offers additional in-
terpretative possibilities. TL dates of various frac-
tions have indicated that the youngest dates were ob-
tained for the finest fractions; in the naturalist’s opin-
ion they are closest to age values expected by him.
Dating of various fractions in the sample shows
insignificant age differences. In many cases the age
of dated fraction is in direct proportion to its size.
The aeolian sand dates presented in the paper (Table
2) may trigger similar research experiments on other
similar profiles.

¢)

d)

3)

4)
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